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Abstract---Fatigue is a major factor in the decline in the 
quality and quantity of the athlete's performance. The 
cause of fatigue is the accumulation of lactic acid in the 
muscles. This is caused by the body's ability to neutralize 
lactic acid is not proportional to the speed of lactic acid 
formed by the severity of sports activities undertaken, if it 
lasts long, it will interfere with the performance. In the 
present study, we investigated the anti-fatigue activity in 
male mice of honey from Apis mellifera (HAM), Apis 
cerana (HAC), and Trigona sp (HT) using a forced 
swimming test. Mice were divided into four groups (three 
honey administered groups and the control group). The 
control group were gave with distilled water and honey 
administered groups were gave with honey (1,14 g/ body 
weight). After three weeks, a forced swimming test was 
performed and the biochemical parameters related to 
fatigue were examined. The results suggested that honey 
could extend the swimming time to exhaustion of the mice, 
as well as increase the tissue glycogen contents, while 
decreasing the blood lactate and maintaning blood glucose 
level. This indicated that honey had anti-fatigue activity 
and could elevate the exercise tolerance. 
Keywords--anti-fatigue; Honey; forced swimming test; lactic 
acid, glycogen 
 
 
I. INTRODUCTION 
 
About 20.000 honey bee species can be found 
throughout the world, except in Antarctica. In Indonesia 
the most developed honey bees are Apis mellifera, Apis 
cerana and Trigona sp.  
Honey is full of nutrients and healing agents. It was 
sweet, the consistency is thick, opaque liquid, pale 
yellow brown or yellowish stored in the honeycomb. 
Honey has long been believed to increase stamina or 
energy. Constituent of honey is a mixture of dextrose 
and fructose with the same amount and are known as 50-
90% invert sugar from sugar and water that is not 
inverted. A daily dose of 20 gram honey will cover 
about 3% of the required daily energy [1]. 
Fatigue is a complex phenomenon that can be 
described as a time-dependent exercise-induced 
reduction in the maximal force generating capacity of a 
muscle [2]. Fatigue is divided into physical and mental 
fatigue. It is known to be accompanied by a feeling of 
extreme physical or mental tiredness, resulting from 
severe stress and hard physical or mental work. It can be 
divided into two categories: physical fatigue caused by 
such things as forced exercise or swimming; mental 
fatigue caused by sleep deprivation, etc [3]. 
Concentration of lactic acid in the blood is the best 
indicator to see the post-exercise maximum effort [4]. 
Therefore, the present study is to investigate anti-fatigue 
activity of Honey From Apis mellifera, Apis cerana, and 
Trigona sp with WFST method in male mice.  
 
II. EXPERIMENTAL 
 
A. Chemicals 
All chemicals were purchased from Bandung Institute of 
Technology, Indonesia unless otherwise indicated. 
Commercial diagnostic kits used to determine blood 
lactate, blood glucose level, and tissue glycogen. 
 
B. Material 
The honey was obtained from three species of Apis 
mellifera, Apis cerana and Trigona sp. The honey was 
taken from Malang City, East Java, Indonesia. Honey 
bees has been confirmed in the School of Biological 
Technology (SITH), Institut Teknologi Bandung (ITB), 
Indonesia. Test characteristics of honey has been 
conducted in accordance with the Indonesian National 
Standard (SNI). 
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C. Selection of animal and care 
Twenty male albino mice weighing between 20 - 30 g 
were housed under standard laboratory conditions and 
maintained on natural light and dark cycle and had free 
access to food and water. Animals were acclimatized to 
laboratory conditions before the experiment. Each 
animal was used only once. The protocol was approved 
by local animal study committee. It is under controlled 
conditions of temperature 23±1◦C, humidity about 40-
60%, and they were given free access to water and a 
commercial diet. The care and treatment of experimental 
animals conformed to the guidelines for the ethical 
treatment of laboratory animals. The mice were 
randomly divided into four groups (n = 5 in each group). 
The control group were administered 1 mL distilled 
water every day for three weeks. All samples of honey 
from the Apis mellifera, Apis cerana and Trigona sp 
were given at a dose of 1.14 g/kg body weight for 3 
weeks. 
 
D. Forced swimming test 
The test was used Weight-loaded Forced Swimming 
Test (WFST) as described previously with some 
modifications. One hour often the last oral 
administration [5], five mice were taken out from each 
group for swimming exercise supporting constant loads 
attached to the tail corresponding to 10% of their body 
weight. The swimming exercise was carried out in a 
glass pool (50 cm x 50 cm x 30 cm) 20 cm deep with 
water maintained at 27 ± 2 °C. Exhaustion was 
determined by observing loss of coordinated movements 
and failure to return to the surface within 10 s, and the 
swimming time was immediately recorded [6]. 
 
E. Measurement blood glucose level 
Measurement of blood glucose levels before and after 
weight-forced swimming test (WFST). Measurements 
using a Glucose Analyzer Test (Easy Touch®) by using 
the blood test obtained from a vein of mice tail.  
 
F. Measurement blood lactic acid content 
After a period of three weeks, five mice were taken out 
from each group for blood lactate analyses. The blood 
samples were collected from the veins of the tails of 
mice 30 mins after administration and 30 mins after 
weight loading swimming (2% body weight), 
respectively [2]. Then blood lactate contents were tested 
according to the recommended procedures provided by 
the commercial diagnostic lactate reagent set from 
Pointe Scientific®. 
 
G. Measurement of tissue glycogen contents 
Glycogen is the storage form of glucose in the network. 
Synthesis and degradation of glycogen to glucose 
regulated well enough energy available to the body's 
needs [7]. One hour after the weight forced swimming 
test, the mice were sacrificed. Immediately liver and 
gastrocnemius muscle were quickly dissected out liver 
and gastrocnemius muscle were dried with a temperature 
of 50 Celsius for 24 hours. When obtained organs and 
muscle tissue dried, then ground to a powder. Then the 
powder weighed 25 mg of sample, and extracted with 1 
mL of 30% KOH and incubated in a water bath for 20 
minutes. Afterwards settling at room temperature until 
cool, then added with 1.5 mL of ethanol (95%) and 
stored at 4 C for 30 minutes. Then centrifuged at 2,500 
rpm for 20 minutes. The precipitate obtained was diluted 
with 1 mL of distilled water. 100 µL samples were taken 
and added to 3 mL of 0.2% anthrone reagent (Sigma 
Elrich®), and then measured with a spectrophotometer at 
620 nm wavelength. 
 
III. RESULTS AND DISCUSSION 
 
A. Effect of honey from Apis mellifera, Apis cerana, 
and Trigona sp on the body weight of mice 
 
The body weights of the mice were measured after they 
were administrated with honey from three species of 
honey bees for three weeks. As shown in Figure 1, the 
increased weights in the experimental groups were of no 
significant difference compared with the fourth (control) 
group (P > 0.05), so honey had no significant effect on 
the body weight of mice. 
 
B. Effect of  honey from Apis mellifera, Apis cerana, 
and Trigona sp on swimming time to exhaustion of 
mice 
 
The result of the effect of three kinds of honey on 
swimming-to-exhaustion time are shown in Fig 2. It is 
shown an increase in swimming time in each group. 
However, it appears that there was a significant increase 
in swimming of three different types of honey samples 
compared with the fourth group (control) (P> 0.05). The 
weight loaded forced-swimming test is commonly used 
for  behavioral despair, has been used extensively for the 
evaluation of the anti-fatigue properties of novel 
compounds [8]. In the present study, the data showed 
that administration of three kind honey could evidently 
extend swimming time to exhaustion of mice, which 
indicated that honey had anti-fatigue activity and could 
elevate the exercise tolerance. The best evidently extend 
swimming time had shown in first group (Honey of Apis 
mellifera or HAM). 
 
C. Effect of honey from Apis mellifera, Apis cerana, 
and Trigona sp on glucose level of mice 
 
Glucose is the most important carbohydrate. Glucose is 
the main fuel for mammalian tissues. This element is 
converted into another type of carbohydrate that has a 
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very specific function, such as glycogen for energy 
savings; ribose in nucleic acids; galactose in milk 
lactose [9]. However, knowing glucose levels can 
predict the energy used. In figure 3, we can see the 
percentage reduction in blood glucose levels in all 
groups. Comparing the percentage of decrease in blood 
glucose levels before and after the sample giving the 
sample. Results showed the group one (HAM) and 
group three (HT) after administration of the sample, can 
keep blood glucose concentrations compared with the 
control group (C). However, Maintenance of blood 
sugar levels not seen in the second group (HAC). 
 
 
 
 
Fig. 1. Effect of Honey on the body weight of mice. Values are means 
± SD. * P < 0.05 when compared to the control group (fourth group) 
(n = 5 per group). 
 
 
 
 
Fig. 2. Effect of Honey on swimming time to exhaustion of mice. 
Values represent the means ± SD (n = 5 per group). *P < 0.05 when 
compared to control group 
 
 
D. Effect of honey from Apis mellifera, Apis cerana, 
and Trigona sp on lactic acid  level of mice 
Blood lactic acid concentration is one of the most often 
measured parameters during clinical exercise [10]. It is 
one of fatigue-relevant factors measured before and after 
exercise [11]. Rapid breakdown of glycogen and glucose 
in muscle during intense exercise causes a large increase 
in lactic acid production [12].  If anaerobic glycolysis 
continues, the accumulation of lactic acid during 
anaerobic exercise is expected to contribute to the aches 
and pains experienced while following heavy exercise 
[13]. As shown in Figure 4, that the sample group 
MAM, HAC, and HT shows the percentage decrease in 
lactic acid formation as much as 41.18% (HAM), 
76.82% (HAC), and 29.23%. However, increasing levels 
of lactic acid by 8.11% in the control.  
These results indicated that the PCP treated mice 
experienced a reduction in lactic acid production and/or 
an increased rate of lactic acid removal, which may be 
another pathway of PCP alleviating exercise-induced 
fatigue. 
 
 
 
Fig. 3. Percentage of decrease in blood sugar levels before and after 
gave sample 
 
E. Effect of honey from Apis mellifera, Apis cerana, 
and Trigona sp on tissue glicogen of mice 
 
Glycogen stored in the liver and muscles as an energy 
reserve and balancing glucose concentration. 
Glycogenesis activated in skeletal muscle by a rise in 
insulin concentrations after consumption of 
carbohydrates. In the liver, glycogenesis directly 
activated by an increase in circulating glucose, fructose, 
galactose, or insulin concentrations. Prolonged exercise 
is associated with depressed rates of skeletal muscle 
sarcoplasmic reticulum (SR) Ca2+ transport as well as a 
decline in muscle glycogen [14]. As shown in figure 5, 
after swimming test, liver glycogen contents all group 
sample (HAM, HAC, anda HT) were significantly 
higher than control group (P < 0.05). But, in muscle 
glycogen levels in all samples does not look 
significantly different. Thus, the glycogen contents are 
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sensitive parameters related to fatigue. In the present 
study, the data showed that honey might increase tissue 
glycogen contents of mice post exercise by improving 
glycogen reserve, or by reducing the glycogen 
consumption during exercise, or both. However, the 
detailed mechanism of this phenomenon is not lear and 
needs further study. 
 
 
 
Fig. 4. Percentage of decrease in blood lactic acid  content before and 
after gave sample 
 
 
 
Fig. 5. Effect of honey on tissue glycogen of mice.  
 
IV. CONCLUSION 
 
In conclusion, the data suggested that three different 
honeys from Apis mellifera, Apis cerana, and Trigona sp 
could extend the swimming time to exhaustion of the 
mice, as well as increase the tissue glycogen contents, 
and decrease the blood lactate and can maintain blood 
glucose level. These results indicated that three different 
honeys had anti-fatigue activity and could elevate 
exercise tolerance. However, further studies are 
necessary to clarify the detailed mechanism involved in 
the anti-fatigue properties of three different honeys. 
 
ACKNOWLEDGMENT 
 
Scholarship from Lembaga Penyalur Dana Pendidikan 
(LPDP) Ministry of Finance of the Republic of 
Indonesia 
 
REFERENCES 
[1] Bogdanov, Stefan., Tomislav Jurendic., Robert Sieber., and 
Peter Gallman. (2008). Honey For Nutrition and Health. 
American Journal of The Collage of Nutrition. P 677-689 
[2] Zhang, Xue-Ling., Feng Ren., Wei Huang., Ren-Tao Ding., 
Qiu-Sheng Zhou and Xin-Wei Liu. (2011). Anti-Fatigue 
Activity of Extracts of Stem Bark From Acanthopanax 
senticosus. J Molecules 16, 28-37 
[3] Jin, Hong Mei amd Ping Wei. (2011). Anti-Fatigue Properties 
of Tartary Bucweat Extracts in Mice. Int. J. Mol. Sci, 122, 
4770-4780 
[4] Smith, Joseph H. (2005). Validity and Reability of the Hawai 
Anaerobic Test 
[5] Zhang, Gang., Si-Min Zhou., Jun-Huai Tion., Qing Yuan Huang 
and Yu-Qi Guo. (2012). Anti Fatigue Effects of Methazolamide 
in High-Altitude Hypoxic Mice. Tropical Journal of 
Pharmaceutical Research 11 (2) : 209-215 
[6] Xin, Xu Yong and Zhang Jian-Jun. (2013). Evaluation of 
Antifatigue Activity of Total Saponins of Radix notoginseng. 
Indian J.med Res 137. pp. 151-155 
[7] Kolman, Jan and Klaus Heinrich Roehm. (2005). Color Atlas of 
Biochemistry 2nd Edition 
[8] Lim, Ming Yeong. (2007). Metabolism and Nutrition 3rd 
Edition. p 12-13 
[9] M. N. Saraf., Sanaye M. M., and Mengi S.A. (2011). 
Antifatigue Effect of Murraya koenighi. Pharmacologyonline 2 
: 1025-1037 
[10] Goodwin, Matthew L., James E Harris., Andres Hernandez., and 
Bruce Gladden. (2007). Blood Lactate Measurements and 
Analysis During Exercise : A Guide For Clinicians. Journal of 
Diabetes Sciences and Technology. p 558-569 
[11] Jinchao, Wang and Wang Kangkang. (2012). Fatigue-alleviating 
Effect of Polysaccharides From Cyclocarya paliarus (Batal) 
Iljinskaja in Mice. African Journal of Microbiology Research 
vol. 6 (24) pp. 5243-5248 
[12] Hargreaves, Mark. (2005). Sport Science Exchange 98 Volume 
18 Number 3. Metabolic Factors in Fatigue 
[13] Murray, K. Robert., David A. Bender., Kathleen M. Bothman., 
Peter J. Kennely., Victor W. Rodwell., and P Anthony Weil. 
Harper’s  Illustrade  Biochemistry  28th p. 113 
[14] Bats, Timothy W., Simon J. Lees., Jay H. Williams. (2009). 
Combines Effects of Exercise and Fasting on Skeletal Muscle 
Glycogen and Sarcoplasmic Reticulum Function. Basic Applied 
Myology 19 (5 & 6) : 247-252 
 
 
0
20
40
60
80
100
120
HAM HAC HT C
Pe
rc
en
ta
ge
 
Groups 
Initial
Final
0
2
4
6
8
10
12
14
16
HAM HAC HT C
gl
yc
og
en
 (m
g/
g)
 
Grups 
Liver
Muscle
102
